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INTRODUCTION
Various phenomenological approaches to modelling fluid mixtures exist in the literature [1, 2] . The standard kinetic model follows an extension of the Boltzmann kinetic equation for dilute gases [3] . These standard approaches are, however, known to suffer some deficiencies and become cumbersome when deriving extended hydrodynamic equations for mixtures beyond validity of Navier-Stokes-Fourier order of constitutive equations [3] . This implies that modelling inter diffusion phenomena in fluid mixtures is far from being considered as an established theory. Following the recent introduction of the bi-velocity hydrodynamic theory [4, 5] , new models for mixtures have been proposed [6, 7, 8] . Here we developed a single fluid kinetic equation model for gas mixtures in which, each species is associated with a new form of 'volume velocity'. Subsequently, diffusion is represented with respect to the species own mass velocity. A particular advantage of the new description is that, it naturally resolves the problem of choice of the drift velocity. It also leads systematically to a set of thermo-mechanically consistent Burnett regime gas mixture equations.
THE NEW KINETIC MODEL AND MACROSCOPIC PROPERTIES
The physical position variable is denoted X, and the molecular velocity associated random variable is denoted ξ . Time variable will be denoted t. We define an additional random variable, c α , representing the concentration of specified gaseous molecules around a physical position. A new kinetic probability density distribution function in a gas mixture is then taken as a single particle probability density function, f(t, X, ξ , c α ), that identifies the distribution of species α. The corresponding Boltzmann-like kinetic equation may be written [9] :
The term on the right-hand-side of this equation is the hard sphere molecular collision integral. Term related to W α is the concentration (or alternatively, volume) production term of species α stemming from the introduction of the additional microscopic variable c α . With M representing an average molar mass of species constituting the mixture, the gas average mixture density, ρ, and average mass velocity, U, with associated peculiar velocity are defined by:
With regards to individual species, we define an average molar concentration,c α , and concentration density,ρ α , and associated velocity, U c α , through
The diffusion of a species with respect to the mass velocity U, is then characterized by J α = U c α − U, whereas U c α represents advection velocity associated with the concentration of species α. It can be shown using the peculiar velocity, V c α = ξ − U c α that:
The Fickian diffusion law may then be applied to formulate J α as:
where κ α , is the diffusivity coefficient of species α. The diffusion is regarded with respect to the species own mass average velocity U which is the unique macroscopic mass velocity defined in this formulation. Macroscopic flow equations may be derived by taking moment of kinetic equation (1) as [5] ,
∂ ρU ∂t
∂ ∂t
where
and
Equations (7a) and (7c) stand respectively for a diffusive momentum flux and a diffusive energy flux, that are formulated with respect to the advection velocity associated with the concentration of species α. More generally, we have an unclosed set of macroscopic conservation equations in which, while continuity equation (6a) as well as the left hand side of the momentum equation (6c) contain the mass average macroscopic velocity U, while diffusive fluxes of momentum and energy are with respect to another type of macroscopic velocity. Set of equations (6) may be viewed as a set of continuum equations focusing on species α only. To obtain a set of equations corresponding to the entire mixture, we take the arithmetic average over the total number of species of the set (6) . In this case, neglecting non-linear J α terms, a continuum set of equations for the whole mixture may be given as:
∂ ρ ∂t
and Λ denotes the fixed total number of species.
DERIVATION OF CONSTITUTIVE EQUATIONS
The underlying principle in the present derivation of constitutive equations is that, the final set of hydrodynamic equations should be consistent with thermodynamics and mechanical principles such as the second law. The pressure tensor is therefore decomposed, as conventionally, in terms of a hydrostatic component p α , and a shear stress tensor, Π v α :
where 3p α = ∑ i P α ii = 3c α RT , associates a partial pressure to species α, in which R is the universal gas constant and T the temperature. The idemfactor is denoted I. The use of the concentration in relation p α =c α RT , allows the definition of the pressure to be explicitly compatible with Dalton's law of additive partial pressures within which contributions from species are weighted by their volume compositions and not the mass.
Using the continuity and momentum equations, energy equation (6d) can be transformed into [9] :
where D/Dt = ∂ /∂t + U · ∇ denotes the material derivative. Equation (11) leads to constitutive equation for the production term W α , as,
if the transformed energy equation (11) is forced to take the following form:
From the structure of equation (13), an entropy quantitys α may be associated with species such that:
A species associated entropy evolution equation is obtained by substituting equation (14) into (13):
From entropy equation (15), nonnegative entropy production rate and bilinear structure requirements associated with linear irreversible thermodynamic principles, impose on the shear stress the following constitutive equation:
where the symmetric traceless operator is defined by,
and U v α defining the species volume velocity. Using definitions from equations (9) and (16) constitutive equation for the shear stress of the entire mixture is given by,
where the mixture pressure is given by p =cRT /Λ withc = ∑cα . Coefficient µ is the mixture dynamic viscosity. As the number of species is a fixed, and entropy of an the entire system consists of summing over all partial components, evolution equation of the entire mixture entropy is obtained by arithmetic average over equation (15) . So denotings the entire mixture average specific entropy, its equation is written
In order to fully satisfy the second law with equations (15) and (19), we observe that the Fourier's law should be applied on their corresponding entropic heat fluxes. In addition, as we admit a single thermodynamic temperature, which is equivalent to assuming a local thermal equilibrium between species, the local entropic heat flux should be the same between species and the mixture as a whole. Consequently, constitutive equations for the heat fluxes are given by,
where κ is the Fourier heat conductivity coefficient.
CONCLUSION
Within the new continuum set of equations focusing on a selected species, the use of concentration or volume flux to describe species diffusion leads directly to coupling between species concentration gradient, shear stress and heat flux. Subsequently, the new model embodies naturally effects such as thermal, pressure and forced diffusions within the energy and momentum equations. Our momentum equation (6c), containing the quadratic term in species diffusion fluxes, is identical in structure to the momentum equation proposed phenomenologically by Mills [1] for a forced diffusion. The simplified version (8c) also corresponds to momentum equation proposed by the same author for nonionized gas mixtures.
